ABSTRACT Aims/Introduction: It has not been reported whether chronic hepatitis B virus infection (CHB) is associated with a specific type of diabetes. We sought to investigate the prevalence of CHB status in different diabetes subtypes among a Chinese population. Materials and Methods: This was a cross-sectional study. A total of 381 patients with adult-onset autoimmune diabetes, 1,365 patients with type 2 diabetes and 1,365 non-diabetic controls were recruited from June 2005 to February 2014. The exclusion criteria included: (i) hepatitis C virus antibody positive; (ii) hepatic cirrhosis; and (iii) malignant neoplasm and severe renal dysfunction (serum creatinine >450 μmol/L). Patients were grouped as hepatitis B virus-negative and CHB status. Results: Patients with type 2 diabetes had a higher prevalence of CHB than the controls in the overall population (13.5 vs 10.0%, P = 0.004) and among patients with normal hepatic function (13.3 vs 8.8%, P = 0.002). There was no difference in the prevalence of CHB status between patients with adult-onset autoimmune diabetes and the controls. Multiple logistic regression analysis showed that the odds ratio of CHB increased by~1.5-fold in patients with type 2 diabetes than in the control group after adjustment for age, sex and body mass index, regardless of hepatic function status. Conclusions: CHB status was more prevalent in patients with type 2 diabetes than in individuals with adult-onset autoimmune diabetes and the controls among the Chinese population. Further research is required to ascertain whether CHB status increases the risk of developing type 2 diabetes, or whether type 2 diabetes, but not adult-onset autoimmune diabetes, increases the risk of CHB.
INTRODUCTION
Traditionally, the development of diabetes has been viewed to be closely associated with aging, obesity and lack of physical activity 1 . However, research has also shown that hepatitis virus infections could be a potential risk factor for diabetes. Previous studies have already shown that hepatitis C virus (HCV) infection is a risk factor for developing type 2 diabetes 2, 3 . Some studies have shown that chronic hepatitis B virus (HBV) infection (CHB) is also related to an increased risk of diabetes in certain ethnic populations, such as Asian Americans 4 , and associated with increased impaired fasting glucose among Nigerians 5 . A study in Hong Kong showed that hepatitis B surface antigen (HBsAg) carrier status was an independent risk factor for gestational diabetes 6 . Furthermore, HBV infection has been associated with impaired hepatic insulin signaling and insulin resistance 7, 8 . Meanwhile, other studies have reported that CHB was not associated with diabetes 9, 10 . However, few studies have examined the relationship between CHB and diabetes while fully controlling for the effects of liver cirrhosis or hepatic dysfunction, conditions that are well recognized to be associated with diabetes [11] [12] [13] [14] [15] ; more than 30% of patients with liver cirrhosis have diabetes 11, 12 . Additionally, it has not been reported whether CHB status is associated with a specific type of diabetes. Adult-onset autoimmune diabetes, which accounts for 5-10% of those with diabetes as: age at diagnosis of diabetes ≥18 years and the presence of the islet auto-antibodies glutamic acid decarboxylase and/or protein tyrosine phosphatase IA-2 in the present study. In the present study, we explored the association of CHB status with adult-onset autoimmune diabetes and type 2 diabetes among Chinese patients, taking hepatic function into consideration.
MATERIALS AND METHODS

Patients
The present study was carried out at Shanghai Jiao Tong University Affiliated Sixth People's Hospital, Shanghai, China. A 10-year hospital-based dataset (from June 2005 to February 2014) comprising clinical, medication and laboratory data was analyzed. All cases with adult-onset diabetes (age at diagnosis of diabetes ≥18 years) were recruited from the Department of Endocrinology and Metabolism. A total of 1,797 adult inpatients with diabetes were assessed in the study according to the following inclusion criteria: (i) aged 20-75 years; (ii) with complete islet autoantibody data; and (iii) screening markers of HBV and HCV. Patients with any of the following abnormalities were excluded: HCV antibody-positive (n = 10); a history of cirrhosis or cirrhosis detected by ultrasonography (n = 10); malignant neoplasm (n = 19); and severe renal dysfunction with serum creatinine ≥450 lmol/L (n = 12). Finally, 1,746 diabetes patients (381 with adult-onset autoimmune diabetes and 1,365 with type 2 diabetes) were enrolled in the present study ( Figure 1 ). The controls were collected from the Department of Traumatology and Department of General Surgery. These patients were hospitalized for trauma or diseases requiring general surgery, who were admitted in our hospital during the same period as those with diabetes, and were matched with patients with type 2 diabetes according to the criteria of similar age, sex and approximate hepatic function (normal or abnormal hepatic function). Those patients with HCV antibody positivity, severe renal dysfunction, cancer or hepatic cirrhosis were excluded according to the study protocol. A total of 1,365 individuals without diabetes were enrolled as the controls.
The protocol of the research project was approved by the institutional review board of Shanghai Jiao Tong University Affiliated Sixth People's Hospital in accordance with the principles of the Helsinki Declaration in 1995. Written consent was obtained from all the patients included in this study.
Anthropometric and biochemical measurements
Height and weight were measured at hospital admission while the patients were barefoot and wearing light clothing. Body mass index (BMI) was calculated as weight divided by height squared (kg/m 2 ). Alanine aminotransferase (ALT) was measured using the ultraviolet lactate dehydrogenase method, aspartate amino transferase (AST) using the ultraviolet-malic dehydrogenase method, gamma-glutamyl transpeptidase using the L-c-glutamyl-3-carboxy-4 nitranilide method and alkaline phosphatase using an Alkaline Phosphatase Kit (Shanghai Kehua Bio-Engineering, Shanghai, China). Total bilirubin was determined using the vanadate oxidation method (Wako Pure Chemical Industries Ltd, Osaka, Japan). Serum albumin was determined by nephelometry, and activated partial thromboplastin time was determined using Dade Actin Activated Cephaloplastin Reagent (Siemens Healthcare Diagnostics Products, Marburg, Germany).
Autoantibodies to glutamic acid decarboxylase and/or protein tyrosine phosphatase IA-2 were assessed using a radioligand Analysis of HBV serum markers HBV serum markers, including HBsAg, hepatitis B surface antibody, hepatitis B e antigen, hepatitis B e antibody and hepatitis B core antibody were measured by enzyme-linked immunosorbent assay (Shanghai Kehua Bio-Engineering, Shanghai, China) before November 2008, and chemiluminescence particle immunoassays (Architect, Sligo, Ireland) after November 2008. HCV antibody was measured using an enzyme-linked immunosorbent assay (Shanghai Kehua Bio-Engineering). All assays and classification of the aforementioned parameters were carried out according to the manufacturers' instructions.
Definitions of chronic HBV infection status and normal hepatic function CHB status was defined as HBsAg seropositivity, and all other patients were defined as HBV negative. Normal hepatic function was defined as a normal level of ALT (<65 U/L) and AST (<37 U/L).
Definition of glycemic status
Diabetes was defined as fasting plasma glucose ≥7.0 mmol/L and/or a 2-h post-load plasma glucose ≥11.1 mmol/L, or receiving medical treatment for diabetes. Adult-onset autoimmune diabetes was defined as age at diagnosis of diabetes ≥18 years, and the presence of the islet auto-antibodies of glutamic acid decarboxylase and/or protein tyrosine phosphatase IA-2. Non-diabetes was identified according to the criteria of negative diabetic history, normal fasting plasma glucose and possibly glycated hemoglobin <6.5% 
Statistical analysis
The distribution of continuous variables was assessed using the Kolmogorov-Smirnov test. Data are expressed as median values (interquartile range) for continuous variables and as frequency (%) for categorical variables. The differences between continuous variables were examined using the Mann-Whitney U-test; categorical variables were examined using the v 2 -test. The association of HBV infection status with diabetes subtypes was assessed using multinomial logistic regression analyses using the entry method; odds ratios and P-values are shown (Tables 3  and 4 ). All statistical analyses were carried out using SPSS 12.0 (SPSS, Chicago, Illinois, USA); two-sided P-values <0.05 were considered statistically significant.
RESULTS
Clinical characteristics of the two groups As shown in Table 1 , patients with adult-onset autoimmune diabetes and type 2 diabetes had higher levels of fasting plasma glucose and BMI than the controls (P < 0.05). However, patients with type 2 diabetes had higher levels of BMI, fasting C-peptide, ALT, AST, gamma-glutamyl transpeptidase and triglyceride, but shorter duration of diabetes than patients with adult-onset autoimmune diabetes (all P < 0.01).
Chronic HBV infection status in various groups
For the HBV markers, patients with type 2 diabetes had higher prevalence of HBsAg and hepatitis B e antibody, but lower rates of hepatitis B surface antibody compared with the controls (all P < 0.05). With regard to HBV infection status (shown in Tables 2 and 4), patients with type 2 diabetes had a higher prevalence of CHB status than the controls in the overall population (13.5 vs 10.0%, P = 0.004) and among patients with normal hepatic function (13.3 vs 8.8%, P = 0.002). The proportion of CHB in patients with autoimmune diabetes was similar to that in the control group in both men and women, but lower than that in type 2 diabetes in men in the total population (P = 0.003). The aforementioned phenomena existed even after adjustment for the population composition of Shanghai, China, in 2013 (Shown in Table S1 ).
Association of HBV infection status with diabetes subtypes
Univariate regression analysis showed that CHB status was significantly associated with type 2 diabetes in the overall population and among patients with normal hepatic function in comparison with the controls (Tables 3 and 4 , all P < 0.05). When considering sex, the crude odds ratios of CHB increased in both men and women with type 2 diabetes in comparison with those without diabetes (all P < 0.05). Multiple regression analysis also showed that the odds ratio of CHB for type 2 diabetes was approximately 1.5-fold higher after adjustment for traditional risk factors, such as sex, age and BMI, in the overall population, and patients with normal hepatic function in comparison with the controls (all P < 0.01). However, there was no significant association between HBV infection status and adultonset autoimmune diabetes, and the odds ratio of CHB for adult-onset autoimmune diabetes was similar to the control group in both men and women.
DISCUSSION
There have been few reports to date on the relationship between CHB status and diabetes subtypes, and we drew a few interesting conclusions from the present study of Chinese patients aged 20-75 years. First, CHB status was significantly more prevalent in patients with type 2 diabetes than in the control group and patients with adult-onset autoimmune diabetes; for patients with adult-onset autoimmune diabetes and type 2 diabetes, the respective CHB status rates were 7.6 and 13.5% for the overall population, and 7.3 and 13.3% for patients with normal hepatic function. Most importantly, however, multiple logistic regression analysis showed that patients with type 2 diabetes had a 1.5-fold higher risk of CHB compared with non-diabetic controls, even after adjustment for confounding factors, such as age, sex, BMI and hepatic function.
Previous studies supported the suggestion that CHB increases the risk of diabetes. CHB was associated with a 9.7-fold (95% confidence interval: 3.30-28.69) increased risk of diabetes among Asian Americans compared with patients without HBV infection 4 . It was also reported that Chinese women with HBsAg carrier status had a 3.3-fold increased risk of gestational diabetes compared with HBsAg-negative Chinese women 6 . Additionally, impaired fasting glucose was also reported to be more common in hepatitis B e antigen-seropositive patients 5 . However, these studies did not fully exclude the effect of active hepatitis or advanced liver disease (cirrhosis or hepatic decompensation). In the present study, the odds ratio of CHB status was 1.59-fold higher in type 2 diabetes patients than the controls after adjustment for age, sex and BMI in patients with normal hepatic function.
The mechanism of the action of HBV infection on the presence of diabetes was investigated in previous studies. It is well recognized that liver cirrhosis is associated with hepatogenous diabetes, and more than 30% of patients with cirrhosis have diabetes 11, 12 . Additionally, among patients with CHB, the prevalence of diabetes is higher in cases with active hepatitis infection and advanced liver fibrosis 13, 14 . As a complication of liver cirrhosis, hepatogenous diabetes develops gradually as a result of insulin resistance and increased endogenous glucose production, which might lead to pancreatic b-cell dysfunction among patients with advanced liver disease 8, 17, 18 . However, in patients without advanced liver disease, insulin resistance could also explain the increased risk of diabetes in individuals with CHB. It was also reported that, in HBV x-transgenic mice, the HBV X protein decreased insulin receptor substrate-1 protein expression, augmented the expression of suppressor of cytokine signaling-3 and induced ubiquitination of insulin receptor Data are expressed as median (interquartile) or number (%). The difference between proportions was tested using the v 2 -test, and the difference between medians was examined using the Mann-Whitney U-test. ALP, alkaline phosphatase; ALT, alanine amino transferase; APTT, activated partial thromboplastin time; AST, aspartate amino transferase; BMI, body mass index; FCP, fasting C peptide; FPG, fasting plasma glucose; GGT, gamma-glutamyl transpeptidase; HbA1c, glycated hemoglobin; HBcAb, hepatitis B core antibody; HBeAb, hepatitis B e antibody; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SCr, serum creatinine; TC, total cholesterol; TG, triglyceride; Total BIL, total bilirubin. substrate-1, and thus interfered with insulin signaling activation 7 . However, insulin resistance was also reported to be no more common in patients with chronic HBV infection than in the general population 19 , and HBV infection was reported to be associated with decreased triglyceride levels and a lower presence of metabolic syndrome 20, 21 . Furthermore, it has been shown that HBV can directly invade pancreatic islet cells. The HBV S, C and X genes were found to be expressed in pancreatic tissues, and expression of HBV C antigen (HBcAg) was confirmed in pancreatic islets 22 . Therefore, it was speculated that the pathophysiological mechanism by which HBV infection causes diabetes might be different from the pathogenesis of traditional type 2 diabetes, which is characterized as a metabolic disorder.
In addition, it has been reported that HBV-related risk behaviors, such as assisted blood glucose monitoring and shared insulin pen use, increase the risk of HBV infection in patients with diabetes 23 . Usually, patients with adult-onset Odds ratios (OR) were derived from multinomial logistic regression. ORs in model 2 were adjusted for sex (men), age (years) and body mass index (kg/m2). CHB, chronic hepatitis B virus infection.
autoimmune diabetes are presumed to be more likely to receive such medical care than their counterparts with type 2 diabetes. However, the present study hints that such HBV-related risk behaviors did not seem to explain the significantly higher prevalence of CHB status in patients with type 2 diabetes than in patients with adult-onset autoimmune diabetes.
The present study had a number of strengths. First, we examined the association between CHB and diabetes while fully controlling for the effect of hepatic dysfunction. Second, we reported for the first time that HBV carrier status was significantly associated with type 2 diabetes rather than adult-onset autoimmune diabetes. However, the present study also had its limitations. First, this was a retrospective study, and further prospective studies are required to ascertain whether CHB status increases the risk of developing type 2 diabetes or whether type 2 diabetes, but not adult-onset autoimmune diabetes, increases the risk of CHB. Second, selection bias might exist in this study; because it was hospital-based, most patients included in this study were almost all local residents of Shanghai, China. Caution should be taken when extrapolating from this study's conclusions, and multicenter studies are required.
In conclusion, CHB status was more prevalent in patients with type 2 diabetes than in the controls, but the proportion of CHB was similar in patients with both adult-onset autoimmune diabetes and non-diabetes. CHB status might be a risk factor for type 2 diabetes rather than adult-onset immune diabetes. 
